The liver plays important roles in the detoxiˆcation of xenobiotecs. Hepatobiliary transporters contribute to hepatic uptake and eOEux processes of xenobiotecs. Expressions of these transporters may be modulated under the condition of hepatic failure. Long-Evans Cinnamon (LEC) rats provide a pertinent model for basic and clinical studies on hepatitis. However, only a few reports describing the properties of hepatobiliary transporters in LEC rats have appeared in the literature. We investigated the expression levels of hepatobiliary transporters in LEC rats by real-time RT-PCR. We found that hepatic expressions of three sinusoidal organic anion transporters, Ntcp, Oatp1a1 and Oatp1a4, were decreased in LEC rats. However, no signiˆcant diŠerence of the expressions of Mrp2 and Bsep, organic anion transporters located on canalicular membrane, were found between Wistar rats and LEC rats.
Introduction
A mutant strain of inbred Long-Evans rats that spontaneously develops acute hepatitis associated with jaundice, chronic hepatitis, and ultimately hepatocellular carcinoma, the Long-Evans Cinnamon (LEC) strain, has been established at the Center for Experimental Plants and Animals of Hokkaido University. 1) Sulfobromophthalein (BSP) is widely used clinically as a drug for testing liver function.
2) A previous study has revealed that LEC rats have decreased biliary excretion of BSP.
3) The liver plays important roles in the biliary secretion of many endogenous and exogenous compounds. Hepatocytes express polarized transport systems at the sinusoidal (basolateral) and canalicular (apical) plasma membrane domains. Hepatobiliary secretion involves the uptake of compounds across basolateral membranes into cells and exit into the lumen across canalicular membranes. Cumulative studies have revealed the importance of transporters in hepatic uptake and eOEux processes of compounds. It has been reported that Na ＋ /taurocholate cotransporting polypeptide (Ntcp/Slc10a1) and organic anion transporting polypeptide 1a1 (Oatp1a1/Slco1a1) contribute to the uptake process of BSP and that the eOEux of BSP across canalicular membranes is mediated by multidrug resistance-associated protein 2 (Mrp2/Abcc2). 4, 5) Thus, it is possible that the function(s) of these transporters in LEC rats is decreased. However, only a few reports describing the properties of hepatobiliary transporters in LEC rats have appeared in the literature. The aim of this study was to clarify the characteristics of hepatobiliary organic anion transporters in LEC rats. In this study, we used Wistar rats as a control. 6, 7) Materials and Methods Animals: Male LEC rats, aged 6 weeks (150-200 g in weight), were obtained from the Center for Experimental Plants and Animals of Hokkaido University (Sapporo, Japan). Male Wistar rats, aged 6 weeks (200-250 g in weight), were obtained from Jla (Tokyo, Japan). The housing conditions were described previously.
8) The experimental protocols were reviewed and approved by the Hokkaido University Animal Care Committee in accordance with the``Guide for the Care and Use of Laboratory Animals'' as adopted by the Na- RT-PCR analysis: Total RNA was prepared from the rat small intestine using Isogen (Nippon Gene, Tokyo, Japan) including DNase digestion according to the manufacturer's instructions. Single-strand cDNA was made from 2 mg total RNA by reverse transcription using Rever Tra Ace (TOYOBO, Osaka, Japan). Quantitative real-time PCR was performed using an ABI PRISM TM 7700 sequence detector (Applied Biosystems, Foster City, CA) with 2×SYBR Green PCR Master Mix (Applied Biosystems, Foster City, CA) as per manufacturer's protocol. PCR was performed using P-gp, Mrp2, Bcrp or GAPDH-speciˆc primers through 40 cycles of 959 C for 15 s, 529 C for 30 s and 729 C for 30 s after pre-incubation at 509 C for 2 min and 959 C for 2 min. The primers were designed based on GeneBank TM ( Table 1) . [9] [10] [11] The PCR products were normalized to ampliˆed GAPDH, the internal reference gene.
Results and Discussion
We have reported that LEC rats have decreased biliary excretion of BSP. 3) In the present study, we attempted to clarify the cause of the decline in BSP excretion in LEC rats. Since biliary excretion of BSP is mediated by several organic anion transporters, we investigated the characteristics of hepatobiliary transporters in LEC rats.
In theˆrst part of this study, we investigated the biliary excretion clearance of BSP in Wistar and LEC rats. As found in our previous study, 3) biliary excretion clearance of BSP in LEC rats was signiˆcantly smaller than that in Wistar rats (data not shown).
The expression levels of hepatobiliary organic anion transporters were determined by real-time RT-PCR. Firstly, we focused on the uptake process of BSP across basolateral membranes into cells. Since Ntcp and Oatp1a1, which are located on the sinusoidal membrane, are involved in the uptake of BSP into hepatocytes, 4) we investigated the hepatic expression of these two transporters. We found that the expression levels of Ntcp and Oatp1a1 in the liver of LEC rats were lower than those in the liver of Wistar rats (Fig. 1) . It is possible that the modulation of these transporters contributes to the decreased excretion of BSP in LEC rats.
In the bile canalicular membrane, Mrp2 plays an important role in the biliary excretion of compounds, including drugs and xenobiotecs. 12, 13) Moreover, BSP was shown to be recognized by Mrp2. 5) Taking these facts into consideration, it is possible that the hepatic expression of Mrp2 is down-regulated in LEC rats. We therefore investigated the hepatic expression of Mrp2 in LEC rats. As shown in Fig. 1 , no quantitative diŠerence was found between Mrp2 expression levels in the livers of Wistar rats and LEC rats. These results suggest that dysfunction of uptake transport systems for BSP on the sinusoidal membrane is responsible for the reduction of BSP excretion in LEC rats.
We then investigated the hepatic expression levels of other organic anion transporters in LEC rats. Oatp1a4 and Oatp1b2, which are located on the sinusoidal mem- brane, are involved in play a role in the liver uptake of organic anions. 14, 15) Bsep has been reported to be a bile salt eOEux system of the canalicular hepatocyte membrane. 16) Moreover, it has been reported that Mrp3 mediates basolateral eOEux of the organic anions. 17) In addition to Ntcp and Oatp1a1, the expression level of Oatp1a4 was decreased in the liver of LEC rats (Fig. 1) . In addition to Mrp2, the expression levels of Oatp1b2, Oatp2b1, Bsep and Mrp3 in LEC rats were similar to those in Wistar rats (Fig. 1) .
Oatp1a1, Oatp1a4 and Ntcp play important roles in the pharmacokinetics of many drugs. Alterations in the expression of these transporters could have various clinically important eŠects. It has been reported that TNF-a plays a prominent role in down-regulation of many kinds of transporters. 18, 19) TNF-a acts as a mediator for transcriptional down-regulation of Ntcp, Oatp1a1, Mrp2 and Bsep in the rat liver. 18, 19) Moreover, Fong et al. (2004) reported that hepatic levels of TNF-a in LEC rats from 6 to 12 weeks of age was higher than that in control rats. 20) In this study, we showed that hepatic expression levels of Ntcp and Oatp1a1 were decreased in LEC rats but that mRNA levels of Mrp2 and Bsep were not signiˆcantly diŠerent between Wistar rats and LEC rats. Further studies are needed to elucidate the contribution of cytokines to the modulation of hepatobiliary transporters in LEC rats.
In summary, we found that hepatic expression of three sinusoidal organic anion transporters, Ntcp, Oatp1a1 and Oatp1a4, were decreased in LEC rats. It is possible that the down-reglulation of these transporters contributes to the decreased excretion of BSP in LEC rats. On the other hand, no signiˆcant diŠerence in the expression levels of hepatobiliary Mrp2 and Bsep, organic anion transporters located on the canalicular membrane, was found between Wistar rats and LEC rats.
